Abstract A project was designed by Umgeni Water (funded by the Water Research Commission of South Africa) to monitor the implementation of water reticulation in Vulindlela and evaluate the Water Supply Scheme from a community and environmental health perspective. The findings would hopefully contribute toward the development of criteria for Health Impact Assessment on Water Reticulation Projects. One objective of this study was to evaluate the usefulness of diarrhoeal disease as opposed to other health indicators for water-associated diseases. The innovative methodology followed in the study, a "stepped wedge design", compared four discrete areas of water reticulation implementation in Vulindlela over a 15-month period. Five surveys, including a baseline and four follow-ups at each household, were carried out. Analysis (microbiological, chemical) was carried out of samples from the household drinking water and from the source of the water. Each survey included health questionnaires, the respondent being the head of the household in each case. Overall, there was no direct correlation proved between water quality and diarrhoea per se. However, there was a marked decrease in diarrhoea with the introduction of the new water supply. There was definite correlation between hygiene behaviours and diarrhoea. Diarrhoea would seem to be the health impact associated with water, of choice.
Introduction
In South Africa, one-fifth of the population (7 million people) does not have access to an adequate supply of potable water, and one-half of the population (21 million) lacks basic sanitation. It is estimated that there are approximately 24 million incidences of diarrhoea per year in South Africa; of these, 2.8 million require treatment at health care facilities and 43,000 people die. The South African Government and water-related agencies are undertaking a vigorous campaign to provide "water for all". Most studies on the effects of water supply on human health over the past fifty years have been criticised as to their validity and usefulness. Lack of adequate control, poor project design, many confounding variables, cultural bias, health indicator recall, health indicator definition and failure to analyse by age have been cited as rendering study results meaningless. Eminent researchers in the field, such as Cairncross, are equally sceptical. While instinctively it is accepted that water and sanitation do improve health, there are many opinions as to how and why.
It has been proved that the quantity of water has a greater impact on health than water quality. An improvement to the proximity of water supply (piped water) not only increases the quantity of water used, but also removes the need for water storage and, therefore, contamination. This may in turn reduce contamination and the proliferation of disease-bearing vectors such as mosquitoes and flies. Owing to the varied results of international research in this field, more South African research was required to (a) establish the extent of diarrhoeal disease in the rural areas, (b) identify the risk factors for diarrhoeal disease (which are extensively associated with the water resources and which are expected to improve with investment in water supply schemes), and (c) establish health criteria for consideration in the auditing of water supply schemes.
Governments and international agencies have invested large sums of money in building projects that are supposed to improve community health. While environmental impact assessment is given considerable attention, very little attention is usually given to the assessment of the impact of the project on human health. A project was designed by Umgeni Water, and funded by the Water Research Commission of South Africa, (a) to monitor the implementation of water reticulation to individual yard taps in Vulindlela and (b) to evaluate the Water Supply Scheme from a community and environmental health perspective. The findings would hopefully contribute toward the development of criteria for Health Impact Assessment on Water Reticulation Projects. One objective of this study was to evaluate the usefulness of diarrhoeal disease as opposed to other health indicators for water-associated diseases.
Materials and methods
The innovative methodology followed in the study, a "stepped wedge design", compared four discrete areas of water reticulation implementation in Vulindlela over a 15-month period (Figure 1 ).
Five surveys, including a baseline and four follow-ups at each household, were carried out. Water samples were taken from the household drinking water, as well as from the source of the water, and analysed for microbiological and chemical constituents. Each survey included health questionnaires, the respondent being the head of the household in each case. The selection of households to be surveyed was based on a stratified random approach. The selection was stratified due to the location of clinics, accessibility of the area, the advice of the Vulindlela Water Supply Scheme Executive Committee, and most importantly, the rate of the Vulindlela Water Connection Program. Within this stratified selection, the household choice was made randomly, and each household location was identified using a GPS. The questionnaires were modified across the surveys for clarity and questions added regarding the new water supply, whilst others relating to the situational analysis were asked only once. A separate observational questionnaire was also completed by the second research assistant at baseline only, regarding the general state of hygiene of the house, whilst the full household questionnaire was being administered.
The analysis of data from columns in Figure 1 can be considered an observational crosssectional study of a sample of four locations in the Vulindlela area. The analysis of the data over the period of a year (i.e. in each row of the table above) would be a longitudinal study of that population cluster.
The stepped wedge design was suggested as an appropriate study design, due to the progressive nature of the development over time. Figure 1 Stepped wedge design possible to the four phases of the introduction of water supply to the four different areas. Confounding factors were minimised through the selection of settlements located in the same area. Characteristics, such as the sanitation infrastructure, quality of the local water resources, topography, natural physical characteristics, distance from urban areas, settlement density, socio-economic levels, demographic and educational profile characteristics were recorded and expected to be similar. A team of two research assistants were tasked to sample the 100 households in Vulindlela, visiting each household five times over a 15-month period in January 1999 to March 2000. A Zulu-speaking social scientist was responsible for administering all the health questionnaire surveys, and water-quality samples were collected from the storage containers and water sources of the 100-household sample. The questionnaire was drawn up especially by the project team and consisted of both closed and open questions. It was administered in Zulu to the head female in the household, and was based on a two-week recall period. The respondents were asked to recall specific diarrhoeal episodes experienced by members in their households over the previous two weeks. The definition of diarrhoea was identified as three or more loose/liquid/watery stools or any loose stools containing blood in a 24-hour period (Baqui et al., 1991) . Waterquality samples were collected from the storage containers and water sources of the 100-household sample in Vulindlela and analysed for microbes (coliforms, E. coli, faecal streptococci, Vibrio cholerae, Salmonella, Giardia, and Cryptosporidium when diarrhoea reported only) and physicochemical parameters (pH, temperature, turbidity, conductivity, calcium, magnesium, total hardness, nitrate, chloride, fluoride, sulphate, iron, manganese, copper, zinc, cadmium and arsenic).
The data were double-entered by two data encoders on Epi-Info (Version 6), a software package especially designed for epidemiological studies. The statistical analysis was done using SAS version 6.12 (SAS Institute, Cary NC) and S-splus (version 4.5) computer programmes. Descriptive statistics were reported using statistics such as mean, median, range, etc. and graphical displays used for some variables to investigate the changes and possible patterns in the data.
To produce microbiological data that would approximate a normal distribution, natural logarithmic (log e) transformations were used in this case to make the data more symmetrical. Zero values in the data were replaced by one in order to avoid the problem of the logarithm of zero being undefined. Most of the exposure data variables were close to normality after transformation, and hence it was not necessary to apply non-parametric tests such as the Kruskal-Wallis test instead of the parametric analysis of variance (ANOVA) approach. As the mean tended to be sensitive to outlying values, the geometric mean (GM) or the median were therefore preferred.
Chi-squared tests were performed to test for association between two variables and also to test for equality of proportions. Where expected cell frequencies (number of observations) were less than 5, Fisher's Exact test was performed. The strength of association between the exposure variables and diarrhoea was estimated by the odds ratio (OR). Equality of continuous variables such as the transformed microbiological data between two categories was compared using the Student's T-test. The generalized estimating equations (GEE) methods of Liang and Zeger (1986) were applied in order to correct for possible area-household cluster sampling. A constant correlation working matrix was assumed for this model. Confidence intervals are reported as 95%. All p-values were derived from twosided tests. A p-value of 0.05 or less was considered to indicate statistical significance. Table 2 is an example of an analysis of association. For the surveys, people had to rank each potential risk factor as to how often they used them, and only those that were used more often were analysed. For example, if the communal tap was used most of the time, then that was the relationship explored. It would be pointless trying to establish an association between the risk of diarrhoea and a water source that people did not use often, since the association would then be due to other factors and not the variable on which the calculations were based. The bold type indicates whether significance was reached and showed that preparing milk formulae and washing nappies were significantly associated with an increased risk of diarrhoea at baseline and Phase 1, before water supplies are received. As noted previously, this may be due to just the presence of babies, as these tend to have more diarrhoea than adults. Unprotected springs, and rinsing containers only with water also had an increased risk at Phases 2 and 3 respectively (and also cleaning the container daily at Phase 1). Using Umgeni water was associated with a decreased risk of diarrhoea in phases 2 and 3.
Results
Overall (a) the baseline results showed an increasing trend of diarrhoea with respect to water source for the use of communal taps as opposed to taps in the garden; (b) 35% of those who were not disinfecting water at all before the supply, had diarrhoea; (c) the habit of a household fetching water from a local source takes time to change; (d) the visit to the water- Sample size  97  94  86  97  Arithmetic mean  2,246  118  1,706  7  Median  104  7  66  0  Geometric mean  110  2  46  2  Minimum  0  0  0  0  Maximum  124,000  1,480  92,000  98  Lower quartile  20  2  6  0  Upper quartile  770  72  218  0  95th percentile  4,200 collection point provided more services to that household, such as communication with neighbours/meetings etc.; (e) there was an overall decrease in diarrhoea from about 40% to 12% over the four phases of the introduction of water supply ( Figure 2) ; (f) the reduction in diarrhoea throughout the phases followed the same seasonal sequence as the microbiological parameters from the in-house and source waters -this appeared to show an indirect link between the bacteriological quality of source and household water and the prevalence of diarrhoea; (g) although the in-house water quality did not seem to improve greatly with the introduction of water supply, the diarrhoea appeared to reduce nevertheless -this reduction in diarrhoea may be related more to reduction in storage and improvement in hygiene behaviour.
Conclusions
Overall, there was no direct correlation proved between water quality and diarrhoea per se. However, there was a marked decrease in diarrhoea with the introduction of the new water supply. There was definite correlation between hygiene behaviours and diarrhoea. Diarrhoea would seem to be the health impact associated with water, of choice. This study provided many lessons regarding study design and the efficiency of using epidemiological studies as a health impact assessment tool in the water sector. Although a double-blind randomised trial is considered the gold standard for evaluation, it is very difficult to conduct a truly randomised trial for environmental interventions, such as a water supply. There is no placebo for water, and in many communities a cluster effect is experienced because the whole community benefits from the water supply. However, the Stepped Wedge Design provided some innovative features, which overcame some of the problems. In conclusion, the experience of this study in Vulindlela indicated that the epidemiological approach was fraught with difficulties which made it difficult to draw firm conclusions. 
